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ABSTRACT

At the current work ,two field experiment were carried out at the Agricultural Production Research
Station , National Research Centre , Nubaria Province , Bahaira Governmate , Egypt , during the two
successive winter seasons of 2020/2021 and 2021/2022 to study the promoting effect of foliar spraying
of Lactobaccillus plantarum and Bacillus lentus on the yield and components of faba bean plants under
newly reclaimed soils . The obtained results revealed that either L. plantarum or bacillus lentus treatment
significantly enhanced all yield characters over untreated plants. Nitrogen, phosphorus and potassium
contents of seeds also positively affected by Lactobaccillus plantarum and Bacillus lentus treatment
but such effect was more pronounced under low concentration used. According to the obtained results
it could be concluded that, the enhancing effect of the two microorganisms depends on the concentration
of the used dose.
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1. Introduction

Faba bean (Vicia faba L.), is the fourth most important pulse crop in the world (Sainte, 2011). It
has a multipurpose use and is consumed as dry seeds, green vegetable, or as processed food. It is
regarded as a critical legume crop used in human and animal nutrition. Faba bean (Vicia faba L.) is one
of essential winter legume crops in Egypt due to its high nutritive value and high protein contents (20—
30%) (Qahtan, et al., 2021) also nutritive minerals, such as phosphorus, potassium, calcium, sulphur
and iron (Matthews and Marcellos, 2003). Faba bean also is a major food and feed legume containing
protein and 51-68% carbohydrate (Hendawey and Younes 2013) according to, the genotype.
Moreover,Faba bean cultivation increases the sustainability of cropping systems by adding nitrogen (IN)
to the soil through symbiotic N2 fixation which, improving soil health (Rose et al., 2016).

The interaction between plants and microbes is an integral part of sustainable agriculture.
Therefore, microbal-based agricultural practices and advancements could promote plant health and soil
fertility There is an increasing demand on the productivity of crops, and the use of biofertilizers in the
production that plays an important role as a supplement to improve the growth and yield of several
agricultural plants. Plant growth-promoting rhizobacteria (PGPR) are able to facilitate plant nutrient
acquisition. Several Bacillus species have been identified as plant growth-promoting bacteria since they
suppress pathogens, otherwise promote plant growth. Improvements in plant health and productivity
are mediated by secretion of compounds that promote the plant growth.

Lactic acid bacteria and other Bacillus-based bio fertilizers have been validated with established
microbes in agriculture and the environment. Microbial-based biofertilizers increase crop yield and
accelerate the mineral update of the plant root. LAB and bacillus-based biofertilizers showed a high
crop yield and enhanced the organic matter degradation (Blais, 2006)
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LABs have been reported to show biological control activity and plant growth-promoting activity in
plants (Lutz et al., 2012). The presence of LAB on plants definitely puts forth their benefits to plants
one of which could be plant growth promotion. On other hand, LAB promote seed germination, increase
soil fertility, aeration, and solubility, alleviate various abiotic stress, and neutralize toxic gasses Few
studies elucidated the role of lactic acid bacteria (LAB) in the rhizosphere and their plant growth
promoting properties. (Fhoula, et al., 2013). Thus, the aim of this work is to study the effect of
inoculation with Lactobacillus plantarum and Bacillus lentus on Faba bean growth and yield.

2. Material and Methods

At Production and Research Station, National Research Centre, Nubaria Province, Behaira
Governorate, Egypt two field experiments were carried out on Faba bean during the growing seasons
of 2020/2021 and 2021/2022 Faba bean was sprayed with different broth doses of Lactobacillus
plantarum and Bcillus lentus to study the effect of these two microorganisms on growth and yield of
broad bean. This experiment includes five treatments in three replicates with control (without foliar
spraying), foliar spraying with 20% Bacillus lentus, foliar spraying with 40% Bacillus lentus, foliar
spraying with Lactobacillus plantarum at 20% and foliar spraying with Lactobacillus plantarum at 40%
concentration.

Faba bean (Vicia faba L.), variety Nobaria 1 was sown on 1* of December in both seasons in
sandy soil. Bean cultivars were obtained from Food Legumes Research Department, Field Crops
Research Institute, Agricultural Research Center, Giza, Egypt. All bean seeds used in the experiments
for the two seasons were inoculated with the specific bacterial strain before sowing. Faba bean seeds
were sown at rate of 20 kg seeds /fed. for all treatments. Calcium superphosphate (15.5 % P»Os) was
applied during soil preparation at the rate of 100 kg/fed. Nitrogen in the form of ammonium nitrate
(33% N) at the rate of 15 kg N/fed. was added as starter dose before the first irrigation. Potassium
sulphate (48 % K,0) at the rate of 50 kg/fed. was applied to soil after 35 days from sowing. All the
other recommended agricultural practices for faba bean production were applied at the proper time as
recommended for this District by the Ministry of Agriculture. Plot size was 10.5 m. (3 m length x 3.5
m width) 1/400 fed. after one month of sowing the plants were sprayed with Bacillus lentus and
Lactobacillus plantarum in concentration as indicated before (conc 1:20% & conc 2:40%). The
experimental design was complete block design with three replicates.

Soil samples of experimental site were randomly collected before sowing to determine some
physical and chemical properties of the soil for the two seasons according to Klute (1986) as shown in
Table (1).

Table 1: Mechanical and chemical analyses of the experimental soil (2020/2021 and 2021/2022

seasons).
Mechanical analysis 2020/2021 2021/2022
Sand% 92.0 90.9
Silt 33 4.1
Clay 4.7 5.0
Chemical analysis
CaCO; 1.3 1.5
Organic matter% 0.4 0.4
EC mmhos/cm? 0.3 0.3
pH 7.4 7.3
Soluble N 8.2 8.3
Available P(ppm) 3.0 3.6
Available K(ppm) 20.0 21.2

At harvesting time, plant height (cm), number of branches, plant weight(gm), pods weight
(gm)and seed yield per plant(gm) and weight of 100 seeds were estimated. Straw yield, seed yield as
well as biological yield (Kg/fed.) were determined for each plot.

Statistical analysis was performed according to Snedcor and Cochran (1990), treatment means
were compared using least significant difference LSD at probability level of 5%.
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3. Results and Discussion
3.1. Effect of foliar application of Lactobacillus plantarum and Bacillus lentus on yield and yield
attributes of Faba bean grown under newly reclaimed soil

Data presented in Table (2) indicate, that foliar application with Lactobacillus plantarum under
both concentrations significantly increased most of yield characters as plant height; weight of plant;
number of branches, Pod weight and seed weight/ plant as compared with untreated plants (control).
These results are in agreement with those obtained by Kang et al., (2015) and Giassi et al., (2016). Also,
these results coincide with results obtained by Nataliia Limanska et al.,, (2013) who reported that
inoculation with Lactobacillus plantarum stimulated the main root growth and shoot growth. In this
respect, Merlich et al., (2017) also reported that L. plantarum had the stimulation effect on height of
wheat seedlings. On other hand recently, Raman et al, (2022) reported that lactic acid bacteria
metabolites, promote plant growth; stimulate shoot and root growth.

The same Table also shows that inoculation with Bacillus lentus in both concentrations have

more promoting effect on plant height; weight of plant; number of branches; Pod weight and seed
weight/ plant, than Lactobacillus plantrum. Such effect may be due to Bacillus lentus effect on
facilitating plant nutrient acquisition also, improving plant health and productivity (Wang et al., ,2019).
In this concern, Lai et al., (2023) reported that plant weight and plant length grew approximately by
1.5-1.9 times and 1.4-1.6 times, respectively of peanut plants by Bacillus application. So, inoculation
with this microorganism may enhancing secretion Such promoting effect of this bacteria may resulted
in secretion of compounds that promote the plant growth and stimulation of plant host.
Accordingly, Table (2) show that Bacillus lentus has enhancing effect on yield of faba bean, such effect
reflected by high values of weight of 100 seeds, seed yield/ feddan, straw yield and biological yield per
feddan. Such pronounced effect of Bacillus sp. on yield reported by other investigators (Bisen et al.,
2015; Mishra et al., 2015). These results may be due to beneficial interactions of this microorganism in
increasing crop nutrients; stimulation of plant growth producing phytohormones, 1-aminocyclopropane
-1-carboxylate deaminase, siderophore production, and phosphate solubilization additionally,
improving soil structure; bioaccumulation of inorganic compounds; and bioremediation of metal-
contaminated soils (Singh ez al.,, 2016, 2017). On other hand, PanelShalini ez al., (2019) added that
Bacillus sp. is one of the most extensively studied rhizobacteria that promotes plant growth and
development.

Table 2: Effect of Lactobacillus plantarum and Bacillus lentus treatment on yield of faba bean under
newly reclaimed soil

Yield characters

Treatment Plant length  Plant weight  Branches No. Pod weight Grain weight
cm gm /plant (gm) /plant (gm)

Control 51.00 30.12 10.04 47.67 24.50
Lacto (conc.1) 56.00 40.07 13.36 57.67 28.52
Lacto (conc.2) 51.89 39.50 13.17 77.33 30.04
Bacillus (conc.1) 63.44 38.26 12.75 89.00 35.08
Bacillus (conc.2) 48.22 35.06 11.69 60.67 30.87
LSD at 5% 8.99 13.22 0.80 19.88 0.41

Table 2: Continue

Yield characters

Treatment 100 grain weight Grain yield Straw yield Biological yield
gm Kg/ feddan Kg/ feddan Kg/ feddan
Control 75.90 1028.33 278.33 1306.67
Lacto (conc.1) 88.37 1197.67 344.67 1542.33
Lacto (conc.2) 75.92 1261.67 403.00 1664.67
Bacillus (conc.1) 80.49 1472.33 401.00 1873.33
Bacillus (conc.2) 85.03 1296.67 375.67 1672.33
LSD at 5% 6.38 84.60 221.25 211.17

The enhancing effect of Lacto bacillus on faba bean yield also reported by many investigators
(Abhyankar, et al., 2021 and Strafella et al., 2021). also Strafella et al., (2021) reported that the lactic
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acid bacteria showed various characteristics which can be related as support to plant growth. They added
that lactic acid bacteria inhabiting plant surfaces produce plant growth promoting hormones and hence
can be used to promote the plant growth. On other hand Primavesi (2020), reported that the highest field
bean yields (2087 kg ha-t) were obtained with Lactic acid bacteria treatment spray applied at (0.02%).
It could be concluded that Lactic a.b. is the most expedient means of maximizing bean yields. Raman
et al., (2022) added that LAB and bacillus-based biofertilizers showed a high crop yield and enhanced
the organic matter degradation.

Regarding the effect of doses rate foliar application of Lactobacillus plantarum and Bacillus
lentus on yield and growth of faba bean, the data recorded in Table 2 indicate that using of higher
concentration of Lactic acid bacteria, the higher yield of faba bean obtained. Similar results was
obtained by Merlich et al., (2017) who reported that, the influence of lactic acid bacteria depended both
on the strains and concentrations of bacterial cells. Simliar results obtained by Primavesi (2020) On the
other hand, the same table show that foliar application of low dose of Bacillus significantly increased
yield focused by high yield of seeds, straw and biological yield per faddan.

3.2. Effect of foliar application of Lactobacillus plantarum and Bacillus lentus on the chemical
constituents of the seed

Data presented in Table (3) clearly indicate that either Lactobacillus plantarum or Bacillus lentus
treatment increased the chemical constituents of the seeds (N, P and K) as compared with untreated
plants.

Similar results obtained by Wang et al., (2019) who reported that most plant-growth-promoting
microorganisms can promote plant growth and accelerate nutrient availability and uptake. They also
added that microbial-based biofertilizers increase crop yield and accelerate the mineral update of the
plant root. In this concern, Figueiredo et al. (2016) reported that PGPR Bacillus has the ability for
nutrient supply (nitrogen, phosphorus, potassium and essential minerals.

The same table (3) also shows that, nitrogen concentration of the seeds is affected by the dose of
Lactobacillus plantarum and Bacillus lentus. In general, using of the low dose increased nitrogen
concentration in the seeds Such promoting effect of both Lactic acid bacteria and Bacillus sp. on
nitrogen uptake supported by Figueiredo et al. (2016) and Cacace et al. (2020) who reported that some
hypothetical views revealed that LAB fix atmospheric nitrogen.

Also Phosphorus content in the seeds positively affected by Lactic acid bacteria and Bacillus
treatment as compared with control. However, the data shows that on contrast to nitrogen, phosphorus
uptake enhanced by high level of either Lactic a.b. or Bacillus sp. treatment. The positive explanation
regarding enhancing effect of both microorganism indicated by Figueiredo et al. (2016) and Cocozza
and Ercolani (1997) who reported that LAB-based composting materials promote phosphorous and iron
precipitates, such as Ca phosphates and iron oxides.

Potassium content of the faba bean seeds also responded positively to foliar application of either
Lactic acid bacteria or Bacillus lentus treatment and such effect was more pronounced under high level
of application. These results are in agreement with Figueiredo et al. (2016) and Wang et al. (2019).

Table 3: Effect of Lactobacillus plantarum and Bacillus lentus treatment on chemical constituents of
faba bean seeds under newly reclaimed soil.

Treatment N % P % K %

Control 2.77 0.14 0.96

Lacto (conc. 1) 3.11 0.15 0.98

Lacto (conc. 2) 2.83 0.16 1.02

Bacillus (conc. 1) 3.00 0.13 1.01

Bacillus (conc. 2) 2.88 0.16 1.03
Conclusion

Sustainable agriculture has recently been more concerned with a sustainable food system; also
farming is most important for global health. Microbial-based agricultural practices would help alleviate
these concerns and supply sufficient food for the world population. Lactic acid bacteria; Bacillus sp. -
based biofertilizers; antimicrobial on other hand growth-promoting compounds can replace inorganic
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fertilizer. Thus, on the base of the obtained results it could be concluded that Lactobacillus plantarum
and Bacillus lentus are a promising candidate for sustainable agriculture under newly reclaimed soil.
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